Background: Testicular cancer is the most common cancer among young male adults in several populations. We compared subtype-specific risk of testicular cancer among migrants and their descendants to that of Swedish-born men to elucidate importance of genetic and environmental factors in testicular cancer etiology and the potential timing of exposures.
Introduction
Testicular cancer is the most common cancer among young male adults in most high-income countries with the majority of cases occurring between the ages 25 to 35 years (1, 2). The incidence of testicular cancer varies considerably worldwide, even between neighboring countries (1, 3) . Among the Nordic countries, for instance, the rates vary 4-fold (4) . Furthermore, an unexplained increase in testicular cancer occurrence in several populations has been observed over the past decades (5) .
Apart from strong evidence in favor of a role for both inherited susceptibility and environmental factors, the etiology of testicular cancer largely remains unknown (6) . It has been proposed that environmental factors cause testicular cancer by disrupting the hormonal regulation of the fetus (6) , but studies of prenatal and perinatal factors in relation to risk have thus far been inconsistent.
Studies on migrants and their descendants may provide clues to the importance of environmental and genetic factors in the etiology of testicular cancer. In Sweden, the high proportion of foreign-born residents with a vast majority from other Nordic countries and a well-established system of population-based registers provide a unique opportunity to conduct migrant studies on testicular cancer. However, previous migrant studies in Sweden either did not focus on testicular cancer per se or have been small and lacked statistical power, which hindered any definitive conclusion (7) (8) (9) .
In this nationwide cohort study, we compared the risk of testicular cancer and its histopathologic subtypes *Stratification for second-generation immigrants was based on the risk in parental country of birth (Table 1 ; derived from GLOBOCAN2002). We grouped second-generation immigrants as the low-risk group if both parents were from areas with an IRR of ≤0.8; otherwise, we grouped them as the high-risk group. For immigrants with one parent born outside Sweden, we grouped them as the low-risk group if parents born outside Sweden were from areas with an IRR of ≤0.8; otherwise, we grouped them as the high-risk group. We stratified first-generation immigrants based on the risk in country of birth. If immigrants were from areas with an RR of ≤0.8, we grouped them as the low-risk group; otherwise, we grouped them as the high-risk group. † PYRS, person-years at risk divided by 1,000. 
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Cancer Epidemiology, Biomarkers & Prevention among immigrants and their descendants to that of Swedish-born men. To clarify the timing of exposure influences on testicular cancer, we studied the risk among immigrants by their age at immigration and duration of residence, and among the immigrants' sons by the length of time that their mothers stayed in Sweden before pregnancy. Although epidemiologic data and histopathologic studies have implicated a prenatal etiology of testicular cancer (10) , studies of the association between cryptorchidism and testicular cancer have indicated that part of the risk of developing testicular cancer is determined postnatal (11, 12) . In the present study, we therefore aimed particularly to study the timing of immigration in relation to the risk of testicular cancer in greater detail than previous studies.
Materials and Methods

Database
We used the newly established Health and Migration Cohort-2007. This cohort was built by linkage between 14 Swedish national registers to study cancer, cardiovascular, and psychiatric diseases among immigrants and their descendants compared with Swedish-born residents. The linkage has been completed by 10-digit personal identity number that is maintained by the National Tax Board for all individuals that have resided in Sweden since 1947 (13) . The data used in this study are part of the Health and Migration Cohort and includes the following: (a) The Cancer Register containing data on all cases of cancer since 1958. The completeness of cancer registration and the percentage of cytologically or histologically verified cases is considered to be close to 100% (14) ; (b) The Total Population Register at Statistics Sweden, which contains information on demographic variables and data on emigration and immigration for Sweden (15) ; (c) The Cause of Death Register, which contains information on the date of death and underlying cause of death since 1952 (16); and (d) The Multi-Generation Register that contains links between children and parents through their personal identity numbers for all Swedish inhabitants born after 1931 who were alive in 1960 (17) .
The linkages have been completed by Statistics Sweden and the Centre for Epidemiology at the National Board of Health and Welfare. To ensure confidentiality, the personal identity numbers were replaced by serial numbers through Statistics Sweden. The study was approved by the Regional Board of The Ethical Committee, Stockholm.
Study cohort
The study cohort consisted of men ages 15 to 54 y with known individual and parental country of birth who were born after January 1, 1931 and who lived in Sweden at any time during January 1, 1960 and December 31, 2007. For persons born abroad, who had no registration of the parental country of birth, it was assumed that the parents originated from the same country as their child. The cohort consisted of three groups, men born outside of Sweden called the first-generation immigrants, men born in Sweden with at least one parent born outside of Sweden called the second-generation immigrants, and Swedish-born men with both parents born in Sweden called Swedish-born.
There were 3,722,551 men ages 15 to 54 years with known parental country of birth registered in the Swedish Total Population Register between 1960 and 2007. We excluded men who died (1,161 men), emigrated (122,001 men), or had a history of testicular cancer (28 men) before entry into the cohort, and immigrants for whom information about country of birth were missing (1,653 men) from the at-risk population. The final cohort included 3,597,708 men ages 15 to 54 y, of whom 732,228 were first-generation immigrants, 312,275 were second-generation immigrants, and 2,553,205 were Swedish-born men. All cohort members were either alive or free of testicular cancer at the start of follow-up.
Follow-up
The cohort members were followed from January 1, 1960, first immigration date for immigrants or date of birth, whichever occurred last, until they exited from the cohort, which was the date of diagnosis of cancer (ICD-7 code: 178 Malignant Neoplasm of Testis), first emigration date, death, or end of follow-up (December 31, 2007), whichever occurred first. We categorized testicular cancer into seminomas and nonseminomas (including embryonal carcinoma, teratoma, choriocarcinoma, and yolk sac carcinoma) based on their histopathologic morphology.
Classification of the country of birth
We classified foreign-born individuals by their country of birth into six continents. We further subdivided continents into world regions, as defined by the United Nations Population Division. Due to lack of power, we report Africa and Oceania without their subdivided regions. We also pooled data for south-central and south-eastern Asia and report it as southern Asia. As for country level, we report only countries having five or more cases of testicular cancer. For detailed information about the final classification, please see Table 1 .
Statistical methods
We calculated incidence rate ratios (IRR) with 95% confidence intervals (CI) using Poisson regression models. All analyses were adjusted for attained age (age at follow-up) and calendar period of follow-up in 2-y categories, unless otherwise stated. In addition, we performed the analysis among first-generation immigrants stratified by age at immigration (younger than 5 y, 5-14 y, 15-24y, and 25 y or older) and duration of residence in Sweden (shorter than 5 y, 5-9 y, 10-19 y, and 20 y or longer). To exclude plausible prevalent cases that occurred before immigration, we repeated the analysis after excluding cases within the first 2 y of immigration. The results were not statistically significantly different and, thus, not reported. 
Downloaded from
Previous studies have shown that missing family links in the Multi-Generation Register might be a source of bias (18) . We repeated our analysis for the period 1991 to 2007, which we have higher quality in this register. The results were not statistically significantly different from the period of 1960 to 2007 and thus not reported.
In an attempt to explore whether the time period before pregnancy to a second-generation immigrant was important, we stratified the analysis among second-generation immigrants by the duration of residence of mothers in Sweden before pregnancy (shorter than 2 y, 2-4 y and 5-9 y, and 10 y or longer). To calculate this duration of residence, we subtracted 1 y from the difference between the first date of immigration of the mother and birth date of the child. Tests for homogeneity and for trend were done as likelihood ratio tests. To assess the homogeneity, we calculated P values for the interaction between country of birth and duration of stay and age at immigration. Tests for trend were done with the median in each category used as the continuous variable.
Stratified analysis based on the risk in parental country of birth was done using age-standardized rates (ASR) in countries of birth, derived from GLOBOCAN2002, relative to ASR in Sweden (referred as IRR country of birth ). For immigrants with both parents born outside Sweden, we grouped them as the low-risk group if both parents were from areas with an IRR country of birth of ≤0.8; otherwise, we grouped them as the high-risk group. For immigrants with only one parent born outside Sweden, we grouped immigrants as low-risk group (non-Swedish parent was from areas with an IRR country of birth of ≤0.8) and high-risk group (non-Swedish parent was from areas with an IRR country of birth of >0.8). All statistical tests were two sided.
Results
We observed 5,801 cases of testicular cancer during 80 million person-years of follow-up in the cohort. On average, first-generation immigrants had similar (38.9, SD ± 12.1) and second-generation immigrants had lower (34.9, SD ± 12.9) age at exit compared with Swedish-born men (41.0, SD ± 13.4). Mean age at immigration and duration of residence were 24.3 (SD ± 11.3) and 14.4 (SD ± 12.6), respectively.
As shown in Table 1 , first-generation immigrants with 530 cases of testicular cancer among 732,228 men during 9.5 million person-years of follow-up had remarkably different IRRs by country of birth. In general, IRRs among first-generation immigrants were reflecting, to some extent, the risk in the countries of birth (IRR country of birth ). Compared with Swedish-born men, first-generation immigrants from low-risk countries had a lower risk (IRR 0.43; 95% CI 0.38-0.49) and first-generation immigrants from high-risk countries had a higher risk (IRR, 1.61; 95% CI, 1.42-1.83) of testicular cancer. At the country level, IRR, of testicular cancer was significantly 40% to 85% lower among immigrants born in Ex-Yugoslavia, Lebanon, Finland, Iran, Turkey, and Iraq compared with Swedishborn men. The risk was significantly 40% to 240% higher among men born in Germany, Norway, Denmark, Chile, and Switzerland compared with Swedish-born men. Table 1 shows the overall risk of testicular cancer among second-generation immigrants with 538 cases during 6 million person-years of follow-up was similar to that of Swedish-born men (IRR, 1.02; 95% CI, 0.93-1.12), but it varied by parental country of birth. An apparent convergence toward the risk of Swedish-born men was observed among most second-generation groups. Compared with Swedish-born men, the risk was significantly 30% to 300% higher among second-generation immigrants whose parents, either one or both, were born in Germany, Poland, Ex-Soviet Union, or Syria.
As shown in Table 2 , the risk of testicular cancer among first-generation immigrants with both parents born outside Sweden was significantly lower than Swedish-born men (IRR, 0.67; 95% CI, 0.62-0.74). The risk among firstgeneration immigrants with at least one parent born in Sweden was similar to that of Swedish-born men (IRR, 0.91; 95% CI, 0.57-1.45). Among first-generation immigrants with both parents born outside Sweden, those from high-risk areas had 60% higher risk, whereas those from low-risk areas showed ∼60% lower risk compared with the Swedish-born men.
Among second-generation immigrants, there was no significant difference across parental categories of origin (mother was foreign born, father was foreign born, or both were foreign-born; P homogeneity = 0.94). Secondgeneration immigrants with both parents born outside Sweden, however, had ∼50% higher risk compared with Swedish-born men if parents were from high-risk areas (95% CI, 1.21-1.99) and had ∼15% lower risk if parents were from low-risk areas (95% CI, 0.68-1.05).
Comparing to the first-generation immigrants, testicular cancer risk was 30% lower among second-generation immigrants with parents from high-risk areas, whereas the risk was twice higher among second-generation immigrants with parents from low-risk areas (Table 2) . When the data were stratified by histopathologic subtypes, the overall results were basically the same but more prominent for seminomas than nonseminomas (Supplementary Fig. S1) . At the country level, the risk was significantly higher among second-generation immigrants with at least one parent born in former Soviet Union (IRR, 3.64; 95% 1.01-13.17), Turkey (IRR, 10.63; 95% CI, 3.27-34.61), and Finland (IRR, 1.97; 95% CI, 1.44-2.70) compared with the corresponding first-generation immigrants (Supplementary Table S1 ). Table 3 shows IRRs of testicular cancer among firstgeneration immigrants stratified by age at immigration and duration of residence. In general, the risk decreased by increasing age at immigration and increased by increasing duration of residence regardless of the risk in country of birth. When stratifying the results by histopathologic subtypes, the risk of testicular seminomas was statistically significantly modified by age at immigration and duration of residence among immigrants from highrisk areas (P homogeneity = 0.004 and 0.05, respectively), but not among those from low-risk areas. The risk patterns in the analysis of risk of nonseminomas were less regular and without statistically significant trend or heterogeneity.
We stratified the data by duration of residence of mothers in Sweden before the pregnancy among second-generation immigrants with mothers born outside Sweden (Table 4) . Overall, the risk of testicular cancer among second-generation immigrants was similar to that among Swedish-born men regardless of longevity of residence of their mother in Sweden before pregnancy and regardless of the risk in maternal country of birth.
We found age at peak incidence of seminomas (Fig. 1A) was 5-10 years higher than nonseminomas (Fig. 1B) . The age-specific incidence curves were similar for immigrants and Swedish-born men.
Discussion
In this large nationwide cohort study, we found that first-generation immigrants compared with Swedishborn men have a risk of testicular cancer reflecting the risk in their countries of birth-a higher risk if they originated from high-risk areas such as Switzerland, Chile, and Denmark and lower risk if they originated from low-risk areas such as Iran and Turkey. However, the risk in second-generation immigrants was close to the level observed among Swedish-born men and a significant convergence toward the risk in Sweden was observed among second-generation immigrants whose parents were either from low-risk areas or from high-risk areas.
The incidence of testicular cancer has doubled in the past 50 years in several populations, including the United States, Canada, most European countries, and Australia (19) (20) (21) (22) . Such a rapid increase suggests that environmental and life-style factors are instrumental in the development of testicular cancer. Our findings of a clear maintenance of the risk of the country of birth by first-generation immigrants and the convergence of the risk toward the risk of native Swedes by second-generation immigrants are in line with results of previous studies (7, 23, 24) and provide further evidence of the effect of environmental and life-style factors on testicular cancer risk.
There is a reasonably large amount of epidemiologic and experimental data supporting the hypothesis that factors acting in utero play a role in the development of testicular cancer (10) . Imbalance in the sex hormones, namely excess estrogens, during pregnancy has been suggested to be instrumental in the etiology of testicular cancer supported by some studies but the results of previous studies diverge and conclusive evidence is lacking (25) . Our findings of risk modification of seminomas by age at immigration and duration of residence among first-generation immigrants from high-risk areas, in contrast to the results of previous studies (7, 23, 24) , indicate, however, that the risk of testicular cancer is affected by environmental and life-style factors acting postnatal. However, one would It should be noted that our finding of risk modification by age at immigration and duration of residence was significant for seminoma tumors among immigrants from high-risk but not among those from low-risk areas. Unfortunately, previous studies supporting the importance of postnatal factors in developing testicular cancer such as the study performed on the effect of age at surgery of undescended testis on the risk of testicular cancer (11) or the study on the risk of contralateral testicular cancer among men with unilaterally undescended testis (12) have not reported risk of testicular cancer separately for seminomas and nonseminomas.
Several risk factors associated with prenatal and perinatal exposures such as birth weight, maternal age, and parity have been suggested for testicular cancer (26) (27) (28) . We could not adjust for these potential confounders because such information was not available in Swedish registers. However, because these factors can only account for a small fraction of the total incidence and because population in Nordic countries have had very similar pattern of most such factors, differences found in risks among immigrants from Nordic countries could not be explained by these factors (29) .
When we stratified second-generation immigrants with both parents foreign born by risk in their parental country of birth, those with parents coming from low-risk areas had a doubled risk compared with first-generation immigrants. Because both the first-and second-generation immigrants were born to foreign-born parents, differences in genetic susceptibility alone are not likely to explain a doubling of the risk. However, the risk of testicular cancer among second-generation immigrants with both parents foreign born and at least one parent from high-risk areas was similar to that of first-generation immigrants. This might indicate the existence of a gene-environment interaction in testicular cancer etiology. There have been some indications of a link between genetic factors and ethnic differences in testicular cancer (30, 31) . The direct evidence, however, is lacking. Recently, two genome-wide association studies showed that common genetic variants on chromosomes 12 and 5 are associated with testicular cancer that may partly explain its high incidence in whites (32, 33) . Further investigation is needed to combine exposure data with genetic predisposition of testicular cancer.
We found that the risk among second-generation immigrants was similar to that of Swedish-born men in all strata of duration of residence of mother before pregnancy regardless of the risk in maternal country of birth. This finding, not studied earlier, implies that factors associated with testicular cancer etiology are environmental or life-style risk factors that require very short time in the new country to be acquired by mother, given that the hypothesis of importance of in utero exposures on the development of testicular cancer is true. This issue need to be further investigated to identify factors that could play a role over the rather short time periods, such as diet, air pollution, and changes in life-style such as smoking.
We found some heterogeneity between the two histopathologic forms of testicular cancer, that is no or modest change in the risk for nonseminomas compared with seminomas. Possibly, the two types do not entirely share risk factors, as suggested by some previous studies (34) (35) (36) (37) . However, collective evidence from the descriptive literature and marked inconsistencies between analytic studies distinguishing seminomas from nonseminomas indicate that either they are etiological rather than homogeneous, or some heterogeneity exists but the dichotomization is etiologically irrelevant. The findings of gene association studies also suggest that nonseminomas may be worth further investigating for genetic susceptibility (38) (39) (40) (41) (42) . As nonseminomas comprised diverse subtypes, analysis of nonseminomas by its subtypes may help us to clarify the gene-environment interaction in the etiology of testicular cancer, but few studies will have sufficient numbers for further differentiation.
As applies for almost all migrant studies, the immigrants are not randomly selected from their population of origin and forces of selection probably differ from population to population. This raises the concern about the comparison with country of birth. Follow-up times vary from the different types of immigrants, which is a problem if the etiology of the disease varies by the age of onset. However, we restricted the age to 15 to 54 years. We also reported the risk adjusted for age and calendar period of year among different groups of first-generation immigrants separately.
We obtained ASRs from GLOBOCAN 2002, which estimates incidences based on the available information for each country. Our results for first-generation immigrants from the countries with better cancer registration showed similar or even lower risk compared with the risk in country of birth. However, the risk among immigrants from countries with no or poor quality registers, and low and medium resource countries, showed a higher risk compared with country of birth, indicating that the testicular cancer risk in these countries are likely to be underestimated (3, 4) .
The major strength of our study is the unprecedented statistical precision and the population-based design with a long follow-up of all Swedish-born and foreignborn men during the study period. Misclassification with regard to exposure, if any, is most likely independent of testicular cancer and nondifferential because information on exposure was collected before the diagnosis of testicular cancer. Power to stratify the risk among immigrants by histopathologic subtypes, by age at immigration and duration of residence, and by risk in parental country of birth and the completeness and reliability of registers together with the uniform health care system in Swedish are other strengths (14) .
In conclusion, we found that the risk of testicular cancer was lower than that of Swedish-born men for firstgeneration immigrants from low-risk countries and was higher for first-generation immigrants from high-risk countries. We also found that the risk of testicular cancer reflects the risk in the countries of birth, whereas the risk in second-generation immigrants was similar to that in Swedish-born men. These findings together with the observation of risk modification by age at immigration and duration of residence provide important clues for future studies of testicular cancer etiology.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.
